J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



i 



(2) Publication number: 



0 637 196 A1 



EUROPEAN PATENT APPLICATION 
published in accordance with Art. 
158(3) EPC 







® Int. CIA H05K 3/00, HOI L 23/04 










II 1 laLIUI Idl CI|J|Jllv>aLI<,^li llUllllb/^l. 












Intp^mAtirtriAt rki ihliP'^tinn niimhM^r* 

II llCrl 1 ICIll(.ll ICU ^UUtlV.»Clll\JI 1 IIUIItL/^l* 










(5) 


DstG of publiC3tion of appHcattoni 


@ Inventor: SANDEROV, Vllyam Lazarevlch 




01 02 95 Bulletin 95/05 


Tsentralny pr., 402-40 






Zeienograd, 


(w) 


Dp^sinnalftfi Contractino States* 


Moscow, 103498 (RU) 




CH DE ES FR GB IT LI NL 


Inventor: TSAREV, Viktor Nikolaevlch 






ul. Junosti, 325-7 




Applicant: SANDEROV, Vilyann Lazarevlch 


Zeienograd, 




Tsentralny pr., 402*40 


Moscow, 103482 (RU) 




Zelenogrady 


Inventor: DYAKOV, Jury Nikolaevlch 




Moscow, 103498 (BU) 


pi. Junosti, 5-11 




Applicant: TSAREV, Viktor NIkoiaevich 


Zeienograd, 




ul. Junosti, 325-7 


Moscow, 103305 (RU) 




Zeienograd, 


Inventor. VKjrVjMy Aiexanar Anatoiievicn 




Moscow, 103482 (RU) 


Zeienograd, 158-156 




Applicant: DYAKOV, Jury Nikotaevlch 


Moscow, 103460 (RU) 




pi. Junosti, 5-11 


inventor: EREMEEV, Mikhail Petrovich 




Zeienograd, 


Moskovsky pr^ 508-56 




Moscow, 103305 (RU) 


Zeienograd, 




Applicant: POPOV, Alexandr Anatollevlch 


Moscow, 103536 (RU) 




Zeienograd, 158-156 


inventor: MOROZOV, Vyacheslav VIktorovich 




Moscow, 103460 (RU) 


Panfllovsky pr., 1133-52 




Applicant: EREMEEV, Mikhail Petrovlch 


Zeienograd, 




Moskovsky pr., 508-56 


Moscow, 103460 (RU) 




Zeienograd, 






Moscow, 103536 (RU) 


(5) Representative: W.P. Thompson & Co. 




Applicant: MOROZOV, Vyacheslav VIktorovlch 




Panfllovsky pr., 1133-52 


Coopers Building, 




Zeienograd, 


Church Street 




Moscow, 103460 (RU) 


Uverpooi LI 3AB (GB) 



CO 
CD 

€0 



0 PROCESS FOR MANUFACTURING INTEGRATED MICROCIRCUITS. 



a. 

UJ 



® The process involves: initially gluing a semicon- 
ducting crystal (7) at the face bearing the contact 
surfaces (8) to a polymer film (1); arranging and 
securing the polymer film (1) in a compression 



mould (13) so as to create a gap (14) between the 
surface of the compression mould (13) and the poly- 
mer film (1) along its entire length except in the 
vicinity of the contact surfaces (8); shaping the 
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polymer substrate (23) of the integrated microcircuit; 
removing the polymer film (1) from the contact sur- 
faces (8); heat-treating the substrate (23) and creat- 



ing electrical connections between the contact sur- 
faces (8) and the metal output terminals of the 
terminal frame. 
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Technical Field 

The present invention relates to semiconductor 
devices manufacturing means and specifically to a 
method of manufacture of integrated. 

Background Art 

There is known a method of the manufacture of 
semiconductor devices consisting in that a semi- 
conductor elemerrt is installed on an insulating 
base provided with a conducting pattern of connec- 
tions folbwing which, the element and the base are 
encapsulated. The element with its leads welded 
on to it is bonded to the base upon which the 
external ends of the leads are connected to the 
base pattern elements arKi encapsulated with a 
plastic material (JP. A, 63-9372). 

To implement the method, it is necessary first 
to weld the leads onto the crystal and, when fitting 
the crystal in the through channel of the package, 
to form these leads around a plate which is an 
element of the package in its turn. These oper- 
ations make the method complicated and unrelia- 
ble. Besides, in the process of potting the channel 
with the encapsulating polymer, there is a probabil- 
ity of contact of one of the electrodes and the 
crystal edge which will result in the device failure. 

There is also known a method of the manufac- 
ture of integrated circuits according to which a 
polytmide film is secured on the surface of a metal 
lead frame, and holes corresponding to the bond- 
ing pads of the crystal are made in the film using 
the pfiotolithography method. The crystal is bon- 
ded to the film referring to the above-mentioned 
holes and its edge, in so doing, is protected with 
the film. This done, the electrical connectioris of 
the crystals bonding pads and lead frame terminals 
are formed artd the crystal jointly with the lead 
frame and film are moulded thus fonmtng an in- 
tegrated circuit substrate (JP, A, 57-55310). 

The photolithography operation and also the 
operation of etching holes in the film make the 
described method rather complicated in implemen- 
tation and do not ensure a high output of service- 
able articles. Besides, the connections of the film 
and crystal inside the holes are not sufficiently 
reliable which also negatively tells on the output of 
the serviceable articles. 

Disclosure of the Invention 

The principal object of this invention is to pro- 
vide a method of manufacture of integrated circuits 
which would allow increasing the output of service- 
able articles and improving their reliability by creat- 
ing conditions excluding the breaks of conductors 
in the process of encapsulation. 



The foregoing object is attained by a method 
of manufacture of integrated circuits consisting in 
that a semiconductor crystal of an integrated circuit 
is installed on a polymeric film and jointly with a 
5 lead frame with metal leads are encapsulated with 
a polymeric material, in so doing, electric connec- 
tion between the semiconductor crystal bonding 
pads and respective metal leads is formed, accord- 
ing to the invention, initially the semiconductor cry- 

10 stal is bonded to the polymeric film with its txjnd- 
ing pads side, the polymeric film is placed and 
secured in a mould so that a cleareince between 
the surface of the mouki and the polymeric film is 
formed along the whole length except for the 

;5 places of location of the semiconductor crystal 
bonding pads, a polymeric substrate of the in- 
tegrated circuit is formed, the polymeric film is 
removed from the crystal bonding pads, the poly- 
meric sufc)strate is subjected to thermal treatment 

20 and electrical connections of the crystcii bonding 
pads with the lead frame metal leads are formed. 

It is expedient that the semiconductor crystal 
should be oriented in the process of bonding by 
means of reference signs on a mask or by means 

25 of reference holes on the polymeric film, or. refer- 
ence signs should be applied on the polymeric film 
after the semiconductor crystal is bonded which 
would allow orienting the polymeric film in a mould. 
On the surface of the mould, it is permissible 

30 to make projections corresponding to the location 
of the semiconductor crystal bonding pads and 
intended for installing the semiconductor crystal 
with its txxiding pads in order to form a clearance, 
and also to secure the polymeric film with the 

35 crystal in the mould by means of mechanical force 
applied to the semiconductor crystal aruJ having a 
value exceeding that of the transfer moukJirtg spe- 
cific pressure. 

It is further expedient that the electrical con- 

4o nections of the bonding pads with the metal leads 
should be fomned by the evaporation of film con- 
ductors and a protective coating should be applied 
on the integrated circuit surface on which the film 
conductors are evaporated. 

45 it is desirable in a number of cases that addi- 

tional electrical connections between the t)orwJing 
pads and metal leads should be formed with the 
aid of wires connected to the film conductors. 

50 Brief Description of Drawings 

The invention will be further descrifc>ed by way 
of the concrete examples of its emlxxtiment with 
reference to the accompanying drawings, wherein: 
55 Fig. 1 a, b, d represents the installation of a 
semiconductor crystal on a polymeric film ac- 
cording to the invention; 
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Fig. 2 a, b, c Illustrates one more version of the 
semiconductor crystal installation on the poly- 
meric film: 

Rg. 3 a. b. c shows the installation of a lead 
frame and the semiconductor crystal on the 
polymeric film; 

Fig. 4 a, b, c represents the versions of the 
installation of the film with the crystal and lead 
frame in a mould according to the invention; 
Fig. 5 represents the securing of the semicon- 
ductor crystal in the mould according to the 
invention; 

Rg. 6 shows the formation of an integrated 
circuit polymeric substrate according to the in- 
vention; 

Rg. 7 illustrates the removal of the polymeric 
film after the extraction of the substrate from the 
mould; 

Fig. 8 represents the evaporation of film conduc- 
tors according to the invention; 
Rg. 9 illustrates an integrated circuit with a 
protective coating and encapsulating shell in 
compliance with the invention; 
Fig. 10 illustrates the same integrated circuit 
with additional electrical connections according 
to the invention. 

Best Embodiment of the Invention 

The claimed method of manufacture of inte- 
grated circuits consists in accomplishment of the 
following operations. 

Applied on one side of a polymeric film 1 <Rg. 

1) is a layer 2 (Rg. la) of an adhesive and refer- 
ence holes 3 are made in the film 1 . 

This donw, the film 1 is installed on a mask 4 
(Fig. tb) relative to his reference holes 3 and 
reference signs 5 of the mask, folk>wing which, a 
semicorKJuctor crystal 7 is oriented relative to other 
reference signs 6 of the mask 4 and bonded with 
its bonding pads 8 side to the film 1 (Rg. lb). After 
this, the film 1 with bonded to it crystal 7 is 
removed from the mask 4 (Fig. lb. c). It is also 
possible to bond several crystals or other elec- 
tronic components to the film, in so doing, all other 
operations of the method are performed in a similar 
manner for all crystals. 

However, the crystal 7 may be bonded directly 
to the film 1 without preliminary orientation, as 
shown in Fig. 2a. After bonding, the film 1 with the 
crystal 7 (Fig. 2b) is installed In a press tool 9 so 
that the t)onding pads 8 of the crystal 7 are co- 
incident with reference signs 6* of the mask 4* 
secured in the upper part 9' of the press tool 9. 
This dor^, the reference holes 3 (Fig. 2 c) are 
made in the film 1 with the aid of punches 10 (Fig. 

2) and the film 1 jointly with the crystal 7 is taken 
out of the press tool 9 (Fig. 2b). 



Besides, there exists one more version of ori- 
ented bonding of the crystal 7 to the film 1. Ac- 
cording to this version, a lead frame 11 (Rg. 3a) 
with reference holes 12 made in it is bonded to the 

5 film 1 (Fig. 3b). following which, the crystal 7 (Rg. 
3c) is oriented relative to the reference holes 12 
and bonded to the film 1 with the side having the 
tx>nding pads 8. 

The film 1 (Fig. 4a) with the crystal 7 t)onded 

10 to it is placed and fixed in a mould 13 so that a 
clearance 14 is formed along the whole length 
between the surface of the mould 13 base and the 
surface of the film 1 except for the places of 
location of the tx)nding pads 8. For this purpose, 

76 provision is made for projections 15 on the surface 
of the mould 13. The projections correspond to the 
bonding pads 8 and the orientation is performed 
with the aid of pins 16 corresponding to the refer- 
ence holes 3 of the film 1 and also to the reference 

20 holes 12 (Rg. 4 b) of the lead frame 11 which is 
installed after the film 1 . 

If the crystal 7 is oriented as shown in Rg. 3, 
the film 1 (Fig. 4) in the mould 13 is oriented only 
with respect to the reference holes 12 of the lead 

25 frame 11. 

The film 1 (Fig. 5) with the crystal 7 is fixed in 
the mould 13 by means of a mechanical force 
which is applied to the crystal 7 through a spring- 
loaded pin 17 of the mould 13. The value of force 

30 F should be greater than that of the transfer mould- 
ing specific pressure. 

At the same time, the above-mentioned force F 
provides for a tight hermetically sealed contact of 
the crystal 7 and the film 1 (the latter is subjected 

35 to plastic deformation under the action of the trans- 
fer moulding temperature and the pressure exerted 
by the end face of the projection 15) and prevents 
possible displacement of the crystal 7 in the trans- 
fer moulding process when a load is applied to the 

40 side ribs of the crystal. Besides, the force ensures 
the fixing of the crystal 7 during deformation of the 
film 1. 

SimuKarteously, the horizontal sections of leads 
18 of the lead frame 11 are tightened up by projec- 
ts tions 19 located on a cover 20 of the mould 13 in 
the direction perpendicular to the side of the cry- 
stal 7 carrying the bonding pads 8. which excludes 
the penetration of the polymeric material to the 
surface of current conducting sections 21 of the 
50 lead frame 1 1 due to the plastic deformation of the 
film 1. 

The mould 13 (Fig. 6) is potted with a poly- 
meric material through a pouring gate 22. The 
material fills the space of the mould and forms a 
55 substrate 23 of the future integrated circuit. In this 
case, the clearance 14^ t>etween the projections 15 
of the mould 13 serves as an insulayed air collec- 
tor used in the process of the transfer moulding for 
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the removal of air available under the film 1 and. 
consequently, for proper formation of a projection 
24 over the edge of crystal 7 all around its periph- 
ery before the bonding pads 8. 

After hardening of the polymeric material of the 
substrate 23. an article 25 (Rg. 7) is taken out of 
the mould 13 (Fig. 6) and the film 1 is removed 
from the crystal 7. The article 25 is cleaned of 
adhesive from the film 1 in, for example, air plasma 
and is subjected to thermal treatment in order to 
polymerize the polymeric material of the substrate 
23 in a shielding medium, for example, in nitrogen. 
The bonding pads 8 are cleaned of the oxide film 
by any of the known methods, for example, by 
chemical treatment, ion-beam cleaning or plasma- 
and-chemical treatment, following which, the elec- 
trical connections of the bonding pads 8 of the 
crystal 7 with the current conducting sections 21 of 
the leads of the lead frame 11 are formed. 

The electrical connections are formed by way 
of the evaporation of film conductors 26 (Fig. 8), for 
example, with the use of the vacuum evaporation 
technique through a magnetic mask 27. Used as a 
material for the corKluctors 26 is aluminium some- 
times with a vanadium sublayer. It is also possible 
to apply the conductors by filling through a tem- 
plet. The mask 27 with reference holes 28, cor- 
respondirig to the holes 12 of the lead frame 11, Is 
Installed on pins 29 and pressed to the surface of 
the article with the aid of a magnet 30, following 
which, the conductors 26 are evaporated by means 
of resistive or electron-beam evaporators (not re- 
presented in the drawing). 

After evaporation of the conductors 26. a pro- 
tective coating 31 (Fig, 9) is applied in an inert 
dried medium, for example, in that of photoresist, 
on the surface of the substrate 23 including the 
crystal 7 with its bonding pads 8, and on the 
surface of the conductors 26. 

This done, the integrated circuit is finally en- 
capsulated by way of forming an encapsulating 
shell 32 (Fig. 9) from the polymeric material (from 
which the substrate 23 Is formed) in the process of 
the transfer moulding. 

In some cases, however, it is expedient before 
final encapsulation to form additional electrical con- 
nections, for example, in the form of wire connec- 
tions 33 (Rg. 10) between the bonding pads 8 of 
the crystal 7 and the current conducting sections 
21 of the lead frame 11 which are connected to the 
film conductors 26 using any of the known meth- 
ods. 

Described below is an example of embodiment 
of the claimed method of manufacture of integrated 
circuits. 



Example 

The crystal 7 in the oriented position and the 
lead frame 11 with the reference holes 12 are 

5 bonded to the polymeric film 1, in our particular 
case to the 40 m thick polyimide film 1 with a layer 
2 of adhesive of 2 to 5 m in thickness applied to 
one of its sides. The crystal 7 is bonded with its 
side having the bonding pads 8 turned towards the 

10 film 1. The lead frame 11 is bonded in such a 
manner that the centres of the reference holes 12 
on the frame are installed with an accuracy of at 
least ±0.015 mm relative to the referertce signs of 
the crystal 7. 

15 Used as reference signs are the bonding pads 

8 of the crystal 7. Prior to installing the lead frame 
11 on the pins 16, the internal ends of the frame 
are made L-shaped. Used as a material of the lead 
frame 11 is an aluminium alloy. The thickness of 

20 the lead frame is 0.1 to 0.15 mm. The lead frame 
1 1 is coated with a 0.006 mm thick tin-nickel layer. 
The film 1 with the crystal 7 and lead frame 11 
assembled on it is installed in the mould 13 so that 
reference pins 16 of the mould enter the reference 

25 holes 12 of the load frame 11. When installing the 
moulding matrixes of the mould 13, the crystal is 
tighten up from Its reverse side to the projections 
15 of the mould 13 with the aid of pin 17 and also 
the horizontal fastening L-shaped sections of the 

30 lead frame 1 1 are pressed down with the aif of the 
cone metal projections 19. The projections 15 of 
the mouki 13 are of a closed type and have rectan- 
gular or other shape corresponding to the location 
topology of the tK>nding pads 8. The external side 

35 surface of the projection 15 is inclined towards the 
base of the mould 13. When the film 1 with the 
crystal 7 is imposed, the clearance 14 is formed 
inside the contour limited by the external side 
surface of the projection 15. The width of the end 

4o face of the projection 15 is so selected as to 
ensure a specific pressure (when pressing down 
the crystal 7) which would provide qualitative pot- 
ting with the polymeric material and at the same 
time would not exceed the mechanical strength of 

45 the crystal 7. For instance, use may be made of a 
0.25 mm wide projection. 

After assembly of the mould 13, the transfer 
moulding of the integrated circuit is performed with 
the use of a plastic material for instance. For the 

50 purpose use Is made of an epoxy moulding ma- 
terial at a moulding temperature of 160±5*C, spe- 
cific pressure of 5.0 MPa and a curing time in the 
mould (thermal stabilization) of 5 min. Moulding 
materials are also used at a moulding temperature 

55 of 180i5'C. specific pressure of 3.5 to 7.0 MPa 
and a curing time of 2 min. 

After hardening of the polymeric material, the 
article is taken out of the mould and the film 1 is 
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removed. Following this, the working surface of the 
article is cleaned of the remaining adhesive in an 
air plasma and is subjected to thermal treatment 
for poiymerization which is performed in nitrogen at 
a temperature of ISO" C for 4 to 5 h. 

This donw, the bonding pads 8 of the crystal 7 
are cleaned of the oxide film AfeOs and the film 
conductors 26 are applied by the vacuum evapora- 
tion through the magnetic mask 27 made of 0.1 
mm thick nickel alloy. Used as a material of the 
film conductors 26 is aluminium altoy with a vana- 
dium sublayer and their thickness is equal to 5 m. 

When the film conductors 26 are applied by 
means of resistive or electron-t)eam evaporators 
there must be a clearance of 35 to 40 mm between 
the mask 27 and the crystal 7. when use is made 
of a magnetron evaporator the above-mentioned 
clearance must be equal to approximately 10 m. As 
soon as the module is taken out of the vacuum 
evaporating unit, the crystal 7, its contacts 3 and 
film conductors are given the thin protective coat- 
ing 31 eipplied in an inert dried medium. Specifi- 
cally, a photoresist layer of 10 to 15 mm in thick- 
ness is applied and hardened. Later on the module 
is finally encapsulated using the transfer moulding. 

The manufacturing cycle of integrated circuits 
is completed by the operations of cutting and for- 
ming the leads and inspecting the electrical param- 
eters. 

In the claimed method of manufacture of in- 
tegrated circuits it is possible to improve the re- 
liability of the devices as a result of formation of 
the film conductors. It is found that it is possible to 
get rid of conductor breaks in the process of gen- 
eral encapsulation of the devices with a polymeric 
material which allows increasing the output of the 
serviceable devices. Besides, it Is possible to in- 
crease the resolution in the process of formation of 
the film conductors and. consequently, to produce 
multilead integrated circuits. 

Industrial Applicability 

The present invention may be widely used in 
the manufacture of semiconductor devices, specifi- 
cally, of large-scale and very large scale integrated 
circuits, microwave circuits and other similar de- 
vices. 

Clainns 

1. A method of manufacture of integrated circuits 
consisting In that a semiconductor crystal of an 
integrated circuit is installed on a polyrrveric 
film, fol towing which, the crystal, a lead frame 
with metal leads are incapsulated with a poly- 
meric material forming an electrical connection 
of the semiconductor crystal bonding pads 
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with respective metal leads, characterized in 
that initieiliy the semiconductor crystal is bon- 
ded with its side having the bondings pads to 
the polymeric film, the film is placed and fixed 
in a mould so that a clearance is formed 
between the suriace of the mould and the 
potymerk: film along the while length except 
for the places of location of the semiconductor 
crystal bonding pads, a polymeric substrate of 
the integrated circuit is formed, the polymeric 
film is removed from the bonding pads, the 
polymerfc substrate is subjected to thermal 
treatment and electrical connections of the 
bonding pads with the lead frame metal leads 
are formed. 



2. The method as claimed in Claim 1. character- 
ized in that the semiconductor crystal is ori- 
ented in the process of its bonding by means 

20 of refer^ce signs on a mask or by means of 

reference holes in the polymeric film. 

3. The method as claimed in Claim 1, character- 
ized in that after the semiconductor crystal is 

25 bonded, relerence signs allowing the orienta- 

tion of the film in the mould are applied on the 
film. 

4. The method as claimed In Claims 1, 2 or 3, 
30 characterized in that the projections corre- 
sponding to the location of the semiconductor 
crystal bonding pads are made on the mould 
surface and the semiconductor crystal is in- 
stalled onto them with its bonding pads in 

35 order to form a clearance. 

5» The method, as claimed in Claim 1 or 2 or 3. 
characterized in that the polymeric film with 
the semfeonductor crystal is fixed in the mould 
40 by means of a mechanical force applied to the 

semicorKiuctor crystal and having a value 
greater than that of the transfer moulding spe- 
cifk: pressure. 

45 6- The method as claimed in Claim 4. character- 
ized in thai the polymeric film with the semi- 
conductor crystal in fixed in the mould by 
means of a mechanical force applied to the 
semiconductor crystal and having a value 

50 greater than that at the transfer moulding spe- 

cific pressure. 

7. The method as claimed in Claims 1 or 2. or 3, 
characterized In that the electrical connections 
55 of the bonding pads with the metal leads are 

formed by evaporation of the fiom corKiuctors. 
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a The method as claimed In Claim 4, character- 
ized in that the electrical connections of the 
contact pads with the metal leads are formed 
by evaporation of the film conductors. 

5 

9- The method as claimed in Claim 7, character- 
ized in that a protective coating is applied on 
the surface of the integrated circuit on which 
the film conductors are evaporated. 

70 

10- The method as claimed in Claim 8. character- 
ized in that a protective coating is applied on 
the integrated circuit surface carrying the 
evaporated film conductors. 

T5 

11. The method as claimed in Claim 7. character- 
ized in that additional electrical connections 
between the bonding pads and metal leads are 
formed by means of wires applied on the film 
conductors. 20 

12. The method as claimed in Claim 8, character- 
ized in that additional electrical connections 
are formed between the bonding pads and 
metal leads by means of wires applied on the 25 
film conductors. 
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